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1.0 Purpose of Compliance Test and Test Procedure 


Purpose: The tests performed are part of the safety compliance program for the National 
Highway Traffic Safety Administration (NHTSA) by MGA Research Corporation under 
Contract No. DINH22-16-D-00028. The purpose of the testing is to determine whether the 
subject vehicle, 2020 BMW 3-Series meets certain performance requirements of FMVSS 
216a, “Roof Crush Resistance”. The compliance test was conducted in accordance with 
OVSC Laboratory Test Procedure No. TP-216a-00 dated May 6, 2009. 


Test Procedures: The “MGA Research Corporation Testing Procedure for FMVSS 216a’, 
submitted to and approved by the National Highway Traffic Safety Administration, contains 
the specific procedures used to conduct testing. 


This procedure shall not be interpreted to conflict with any portion of NHTSA TP-216a-00, 
FMVSS 216a nor any amendment thereof within the applicable contract. 


2.0 Compliance Test Data Summary 


The roof of a 2020 BMW 3-Series was required to sustain a maximum load of 46,643.1 N (3 
x UVW) on both the right and left sides of the vehicle with platen displacement of 127 mm or 
less. The left side sustained a maximum load of 46,346 N at 30 mm of platen travel. The 
right side sustained a load of 47,081 N at 29 mm of platen travel. No head contact was 
observed. 
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3.0 Test Data and Results 


Data Sheet 1 
GENERAL TEST AND VEHICLE PARAMETER DATA 


NHTSA No.: C20204100 Test Date: 09/21/2020 Side Tested: Driver/Passenger 
Laboratory: MGA Research Corporation Test Technician(s): Jacob Briskey 


TEST VEHICLE INFORMATION: 
Year/Make/Model/Body Style: 2020 BMW 3-Series 4-Door 


Body Color: Black VIN: WBASR1COXLFH53825 

Build Date: July 2019 Odometer Reading: 449 miles 

Engine Data: 4 Cylinders CID Liter CC 

Engine Placement: X Longitudinal or Lateral 

Transmission: Speed Manual X Automatic Overdrive 

Drive: X Rear Wheel Drive Front Wheel Drive Four Wheel Drive 
Safety Restraints: Seat belts and airbags 


DATA FROM TIRE SIDEWALL: 


size of the tires on test vehicle: 225/45 R18 Manufacturer: Pirelli 
Tire Pressure for Max. Load Carrying Capacity: 340 kPa_ Front 340 kPa Rear 
Treadwear: 500 Traction: A Temperature: A 


DATA RECORDED FROM VEHICLE PLACARD OR TIRE LABEL: 
Recommended Tire Size: 225/45 R18 XL 


Recommended Cold Tire Pressure: 220kPa_ Front 260 kPa’ Rear 

VEHICLE CAPACITY DATA: 

Number of Occupants 2 Front 3. Rear 5 Total 

Type of Front Seats X Buckets Bench Split Bench 

Type of Front Seatback Fixed X Adjustable with Leveror X Knob 
List of Components Removed: Underbody trim, 1st row seats, and carpet 


UNLOADED VEHICLE WEIGHT: 


Right Front 406.5 kg Right Rear 393.0 kg 
Left Front 407.0 kg Left Rear 380.0 kg 
Total Front 813.5 kg Total Rear 773.0 kg 
Total Weight: 1,586.5 kg % of Total weight in Front: 51.3 % Of Total weight in Rear: 48.7 


TEST VEHICLE ATTITUDE: 
Pitch Attitude: (Nose Down (ND), Nose Up (NU)) 


Initial: ©§ Right Door Sill Angle 1.1° (ND) Left Door Sill Angle = 1.2° (ND) 
Final: Right Door Sill Angle =0.1° (ND) Left Door Sill Angle 0.1° (ND) 
Roll Attitude: 

Initial: Left-side 708 Right-side 705 

Final:  Left-side 763 Right-side 760 

Jacob Briskey 09/21/2020 


Technician Signature Date 
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Data Sheet 2 


NHTSA No.: ©C20204100 Test Date: 09/21/2020 Side Tested: Driver 
Laboratory: _ MGA Research Corporation Test Technician(s): Jacob Briskey, Mark Pytell 








H-Point Data (mm 


After 
Bie HRMD 
y Installed 


Torso Angle 
X (=A) — fore/aft of striker 144.5 148.5 


Z (=B) — Above/below striker below 






















HRMD 

















A — Horizontally from the door striker to the H-point 

B — Vertically from the H-point to the door striker 

C — Vertically from the door striker to the top of the head 

D — Horizontally from the center of the head to the H point 

E — Vertically from the top center of the head to the headliner 
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Data Sheet 3 


NHTSA No.: ©C20204100 Test Date: 09/21/2020 Side Tested: _Passenger 
Laboratory: _ MGA Research Corporation Test Technician(s): Jacob Briskey, Mark Pytell 








H-Point Data (mm 


After 
aan HRMD 
y Installed 




















Torso Angle 
HRMD X (=A) — fore/aft of striker 140.3 141.3 









-266.7 -267.5 





Z (=B) — Above/below striker below 








A — Horizontally from the door striker to the H-point 

B — Vertically from the H-point to the door striker 

C — Vertically from the door striker to the top of the head 

D — Horizontally from the center of the head to the H point 

E — Vertically from the top center of the head to the headliner 
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Data Sheet 4 


Test Information — First Tested Side 


NHTSA No.: ©C20204100 Test Date: 09/21/2020 Side Tested: Driver 
Laboratory: _ MGA Research Corporation Test Technician(s): Jacob Briskey, Mark Pytell 


A. Driver Side Pre-Test Data 








Levelness of the Tie-Down Surface/Platform (0 +/- 0.5°): 0.0° Platen 

Platen Angles: Pitch Angle: 5° Roll Angle: 25° 

Platen Alignment at Vehicle LongitudinalCenterline: 634mm 

Max. Applied Force for Vehicles w/GVWR s 2722 kg = UVW 1,586.5 x9.8x3.0= 46,643 N 
Max. Applied Force for Vehicles w/GVWR > 2722 kg = UVW N/A x 9.8 x 1.5 = N/A N 

1. Any convertible top, movable or removable roof structure in their closed positions: Yes 

2. Close all windows, close and lock all doors: No Yes xX 

3. The test device will initially contact the roof at 185 mm aft of windshield. 

4. HRMD Top Center of Head Position (Driver): X: -26.3 Y: -394.4 Z: 487.6 
5. HPF 201 Head form Top Center of Head Position (Driver): X: -26.2 Y: -394.6 Z: 487.5 


HPF device properly aligned: Yes 


B. Post Test Data 











Maximum load achieved = 46,346 Nat 30 mm of displacement. 

Did the maximum load achieved reach the maximum applied force (0,-250N)? — No-Fail _X Yes-Pass 
Did head contact occur? No xX _ Yes at mm of displacement 

Was a 222 N head resultant force attained? No-Pass X _ Yes-Fail = at —= |= mmof displacement. 
Did the platen travel exceed 127 mm? No-Pass X_ Yes-Fail 

Did the windshield break? No X_ Yes at'_ ~=——s mmof displacement. 
Did the sun roof panel(s) break? No X_ Yes N/A 


Description of damage and deformation that occurred during the test: 
Permanent deformation on upper roof door structure on the driver side. 
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Data Sheet 4 Continued 


Test Information — First Tested Side 
Did the second HPF shift from its original position? No X Yes Distance 


Indicate in the picture below where the second HPF center is located versus the original position (center). 
NOTE: The distance between each concentric circle is_2 mm. 
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Data Sheet 5 


Test Information — Second Tested Side 


NHTSA No.: C20204100 Test Date: 09/22/2020 Side Tested: _Passenger 
Laboratory: _ MGA Research Corporation Test Technician(s): Jacob Briskey, Mark Pytell 


A. Passenger Side Pre-Test Data 














Levelness of the Tie-Down Surface/Platform (0 +/- 0.5°): 0.0° Platen 

Platen Angles: Pitch Angle: 5° Roll Angle: 25° 

Platen Alignment at Vehicle LongitudinalCenterline: 638 mm 

Max. Applied Force for Vehicles w/GVWR s 2722 kg = UVW 1,586.5 x9.8x3.0= 46,643 N 
Max. Applied Force for Vehicles w/GVWR > 2722 kg = UVW N/A x9.8 x 1.5 = N/A N 

1. Any convertible top, movable or removable roof structure in their closed positions: Yes 

2. Close all windows, close and lock all doors: No Yes xX 

3. The test device will initially contact the roof at |= 185 mm aft of windshield. 

4. HRMD Top Center of Head Position (Passenger): X: -27.2 Y: 411.7 Z: 486.7 








5. HPF 201 Head form Top Center of Head Position(Passenger): xX: -27.3 Y: 411.7 Z: 486.8 
HPF device properly aligned: Yes 


B. Post Test Data 











Maximum load achieved = 47,081 N at 29 mm of displacement. 

Did the maximum load achieved reach the maximum applied force (0,-250N)? — No-Fail _X Yes-Pass 
Did head contact occur? No X_ Yes at mm of displacement 

Was a 222 N head resultant force attained? No-Pass X_ Yes-Fail = at = —§ mmofdisplacement. 
Did the platen travel exceed 127 mm? No-Pass X_ Yes-Fail 

Did the windshield break? No X_ Yes at' ~=———smmof displacement. 
Did the sun roof panel(s) break? No X_ Yes N/A 


Description of damage and deformation that occurred during the test: 
Permanent deformation on upper roof door structure on the passenger side. 
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4.0 TEST EQUIPMENT LIST AND CALIBRATION INFORMATION 


CALIB. DATE OF 
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Linear Voltage Displacement Transducer (LVDT) 
Verification for the MAST/Hydraulic Cylinders 


| neterence = or Informatie 
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| Calibration hii eT oy ce : | 
DueDate a “= | Calibrated By: 

Distance K 
a ee Mest Dns 


c ar 


Performed By: Wax eust 


Al cabbratiogs: ane traceable to ther National lestituie of Standards and Technology. Exvtimated uecertainiy of the meacurement ia 20.7%, 
All certification date and eqaipment are on file for inapection at your request, Best uncertainties represent expanded uncertainties 
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Linear Voltage Displacement Transducer (LVDT) 
Verification for the MAST/Hydraulic Cylinders 


Reference Sensor Information 


0.2.0 2 


Performed By: 





i 
AQ calibrations are traceable to the National laviitute of Standards and Vechselugy. Extimated encertaioty of ike measerement bo 20.7%. 
All gortificateon date aed equipment are on file for inaprcteen at your requed, Leo aacertainties represent expanded uncertainties 
fipresrd af approvimately the 92% confidesce bevel easing a coverage factar k= 


44texeculive drive * troy, mi 45083 
248 / 477-4001 © fax 248/477-5025 
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Linear Voltage Displacement Transducer (LVDT) 
Verification for the MAST/Hydraulic Cylinders 






Performed By: \L bith 


All calibrations are tracrabbe io the National Institute of Standards amd Technology. Extimated wucertakaty of the measurement is 46.7%. 
AG certifiration data aed equipment are oe file for impection at your reqerst, Best uncertainiies represent capanded ancertalntics 
rupresed ad approwimadely the 94°% confidence level using a coverage factor k= 2. 
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Linear Voliage Displacement Transducer (LVDT) 
Verification for the MAST/Hydraulic Cylinders 












| J Reference Sensor Information 
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Ty | Certificate #: —-4842690008¢ = T 
Trescal S 


17025 Accredited Certificate of Calibration 


Acct A: OtR470 Manufacturer: Interface, [ne, 





Customer: MGA Research Corporation Model: 770 AF-50K 
Shhipqeer #: No Shipper Deseription: Load Cell 
Address: 2807 EDhott Serial Number: PS3TIA 
: Troy, MI, 48083 se 
Contact: Seott ATSEn Asset Nunaler: 
FC) We: iF ike Barcode: 
As Reeeived As Returned Action Taken Cal Date: i 130019 
inToleunme In Telerasce | Pail Cabtraiton = Due Date: 2 13.80R0 
tha of Toleece Chat of Taderance Spengial Cadebansice Teatperature: T100 deg F 
ial fonctionang Pela feta fg, Cher. Weer faranhcen Humidity; o> 
Chern bornal ‘Diperatasral Adpased! Fare, Pros 
Drarteged HA Repaired Procedure: DCN 40345 
Mea Charted Referrace ASTM E74 (2018) local 
Boeterrend Ac in 


Incoming Remarles: Dep 


Technical Remarks: 


Dalbvated wtih teton fase jorgurd to 5 Tigi ote eames, The otimated eens eweporrtoiety is PT ie whiod represent ay ecponded wrcertaieatys ung 
a corerage foctor ft = 2) apprectearing 2 7) 6 confidence level 


Calibration Standards Utilived 


Cert, ¥ Manufacturer Model # Description Cal Date Dee Date 
4574900033 General Radic 1434-8 Decade Resistor 04/26/2019 OIG 2020 
4747080039 Agilent Technologi 420A Nanowall icrdOhnameber lWwF2rPOl9 CHO 
474708040 Honeywell 1C4GT343-01- Imperial Class Load Cell Lv2 LADO 121/200 
4747080044 Agilent Technologi 44204. Nanowal ll Micrdhimimeber LOT rao Ce T2000 


20" 


‘| 

yu d& 

T . 
The above Identified walt was calibrated le oor laboratory at the address shown below, 
“nero ampebt ek sey ey ey pe head abby pee ga ln npn th, nage Bak akon hppa pea epg all op real, De ier ak Depo] ee) tiie ll oe Eel eet Bete (TL) 
of gerard dL eppenlimoiog 6 24 9 roafidence evel eid coremge face bd een odors od sort on on need) om on Bigot Coben Tecicol, bec. weiliece a dep deci ee ks here 
gece ape, names mead er eed es eet (nce Fel ected tk. pearance ea embed mp ED emg EET ae ape eee egal epee tee pel Peeled Ge eel 
Pe a ei, fa a, ce Be aie a Bo ed LOL De cairo pty Ile noe eed el 
BAS PET, AR Ee: ee, BC te, EL ee a 

Teresa warrants of) eure ame! iebeor peice Gee nent (PL ge een cere eee pes pec. 


Jims meena! Iain ee cee Ub teed Boe io dit owl! iodo beloee De ieee nt per. 
Techniters Mame Date: Mork Schneider, 12/13/2019 Signatory: (Rede ttt QA Approved: = 


1200 6. Old US 23, PO Bom 359, Hartland, hl 48353-0359 (310) 225-4601 PAX (810) 225-4602 
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Trescal 
ST 


Report Number: 4842690008 


Report of Calibration 


Manufacturer: Interface, Inc. Account Number: 088470 
Model: 12204F-50K, Technician: M. Schneider 
Description: Load Cell Cal, Date: 12/19/2079 
Serial Number: 3053724, IO: 305372A 


Calibrated in Tension 


Least Squares. 
Lire: 
0.0016 
s.2656 
16.5255 
24. fora 
35,0481 
47,9108 
16,5255 
O.0016 


Linear Cocfiickents Bridge Connections 


An Lb428571E-03 (+) Excitation: 
p= B.262007 16-1 (+) Signal: 
ce “3.571 4286E-13 (-) Signak 
(-) Excitation: 
Chaflections = A+ (EB * Load) + (C * Load’2) 


Electrical Data 


Excitation; 10,005 VDC ing@ut Resistance: 
260 Balance: 0,169 mv Oubput Resistance: 


35120 Ohmea 
251.79 Ohms 


Shunt Calibration(s) 


+ Signal to # Excitation 
Electrical Load Output Simulated Lawd 


20,000 kQhmn 29,133 mv S52617.4 bf 


REW MOW13 





Percent of FS 


70.5 % 
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Trescal 


Report Number: 4842690008 

Report of Calibration 
Manufacturer: Interface, Ine, 
Model: 1220AF-50K 


Description: Load Cell 
Serial Number: 3053724 


Account Number: 66470 
Technician: M4. Schneider 
Cal, Date: 12/13/2019 
IO: 3053724 


Calibrated in Compression 


Least Squares 
Lira: 
“0.0007 
“A2507 
«16,5823 
-24.6755 
33.1703 
=f 1 4857 
“16,5823 

0.0007 


Linear Coeficients: | Bridge Connections 
Az -6. FHS? 145E-04 
i= of 289181 E-fd 
C= -8,0394571435E-12 


{*) Excitation: 
(+) Signal: 
(-) Signal: 


{-) Excitation: 
Defecions © A + (8 “ Lomd) + (C * Load*2) 


Elscirical Data 


Evcitation; 10.008 VDC 


Inpul Resistance: 36120 Ohms 
Zero Balance: 0.169 mV 


Output Resistance: 351.19 Ohms 
Shunt Calibration(s) | 


-Signal to = Exeitagion 


Electrical Load Chutput Simulated Load 


2.000 KC “29.129 mn S5123.1 lb 
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Tr e S C a | Certificate i: rN on 










l7025 Accredited Certificate of Calibration 


Aoet i: ORS470 
Customer: MGA Research Comparetion 
Shipper ft; No Shipper 


Manufacturer: Interface, Inc. 
Model: 1220AF-S0K 
Description: Load Cell 
Serial Number: 5685594 
Asset Number: 


Address: 2207 Elliott 
Troy, MI, 48083 


(omlmel: Seott Arsen 





PO) ft: MATOS Farcode: 
As Received As Returned Action Taken Cal Date: (242009 
In Tolerance | x In Tolerance 3 Pall Catibeation x Chee Date: 12142020 
Cnt of Tedermncn Gul of Tolerance Special Calibration Temperature: = 73.00 deg: F 
Dal farecteen arg Malfunctioning Chper, Verification Huwsidity: noo 6% 
Diperataeal Chperatenal Adprited Bare. Piress.: 
Daraged BA Reepaared Precedare: DCH 50345 
uA Charted ee ASTM ET4 (2018) / bocal 
Returned Aa ls 
Incoming Remarks: oF oe 
Technical Remarles: 


Calibrated wit frmsion bose forged fo 35 [ff my spre 
The eatiewied mrsuneeern weorrtaiety tea if chick mpc on ctipandind anceriainty sain @ conerage faecior (i = 2) approsmatg a 93 Bb covgfalemcer 


level 
Calibration Standards Utilized 
Cert, Ff Manufacturer Model # Tescription Cal Date Dwe Cate 
4574900053 Geneml Radio 1434. Bb Decade Kesestor MVI62019 (26/2000 
4747080039 Agilent Technologi 344204 Nanowoll Micno-Ohmeneter 122019 MAL ti 
4TOEOHO = Honeywell PCABTS4S-01. = bmpertal Class Load Cell 1212019 LOfa 1200 
47470044 Agilent Technolog) 344204 NanowollMicno-Ohmanecier vi F019 4 | Fan 


The above identified unit was calibrated in our laboratory ad the address shown below. 
‘Pea angel ely: iad Mee) Op cei bo Ged Wat ket Be perched recerpe bn Fall atiea he eis Teel Tike ead Go bree ceed arllirleg cutesy lca Tre ecrrder Aas (TLE 
of gemaer than4:| appeasiding 2 confides evel Pi cee fc el eek eet ed ee oes ed en et ged ef Cite, Tite int. tlie a ieee ce re eis hers i 
ropes) bil, ra, ob nema ai aor ek Pal ap dc Ta ae ee pad elgg SGT ie ete prepa potieel Lobos, sie peed fade a oe! ocerall 
payouicall ccamrcain, mie pt cdl calleeaies, or by comune io core oie Tce calieiies peagram iin mengtleee oi 
ESE SCT, ARSC CSM NR, ANSEL, oe d-soe, BTL. SEL A 
‘Tipwnscnl) eateries eld peep hd eee Laney reer leer eens oP Py al peel me gee 


me empamkege opal i a irs afmmrsah of GallBiriol a we ee eta ca ecclaeak f eeTimee ed Mam dans dpi 
Technicias Name‘Date; Mark Schneider, 12/14/2019 Simainey. i 1 Ain Gi hemor 


1200 N. Old US 23, PO Bow 559, Hartland, MI 48353-0559 (810) 225-4601 FAX (210) 2256602 
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Safety Compliance Testing for FMVSS 216a 


“Roof Crush Resistance” 


Trescal 
oe 


Manufacturer: Interface, Inc. 


Modal: 122704F-50K 
Description: Load Cell 
Serial Number: 568559A 


Linear Comlficaerits 


A= a2 142657604 
b= Ss. S620007E04 
C= S.3928571E-12 


Deflections © A+ (B* Load) + (C * Load*2) 


Page 21 of 186 
DTNH22-16-D-00028 / G19Q7-001.14 


Report Number: 4842690009 
Report of Calibration 


Account Number: 86470 
Technician: M. Schneider 
Cal. Date: 1294/2019 
ID: 5685594, 


Calibrated in Tension 


Least Squares 
Lire 
O.0003 
Fa sb BF 
1E.7a7a8 
25. 1841 
a3. 5820 
41.9816 
16.7878 
0.0003 


Bridge Connechons 


(+) Excitation: 
(+) Signal: 
(-) Signal: 
(=) Excitation: 


Excitation: 10.005 VD 
fer Balance: 0.162 mV 


Electrical Load 


30.000 KOhin 


REV: NOW'S 


hulp 


29.132 mi 





Inpul Resistance: 
Qulput Resistance: 


201.28 Of 
351,15 Ohms 


Shunt Calibration(s) 


+ Exolalion 
Simulaled Lisad 


+ Signal te 
Percent of FS 


4695.8 bf 6.4% 
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“Roof Crush Resistance” DTNH22-16-D-00028 / G19Q7-001.14 


Trescal 
ee 


Report Number: 4842690009 
Report of Calibration 


Manufacturer: Interface, Inc. 


Account Number: 088470 
Model: 12204AF-50K Technician: M. Schneider 
Description: Load Cell Cal. Date: 12/14/2079 
Serial Number: 5685594. ID: 5685594, 


Calibrated in Compression 


Leas! Squares 
Live 
=f, O01 4 
6.4376 
“16.8729 
2h SOT 
“33.7410 
ae is To 
“16,4729 
“0014 


Linger Coaricients Bridge Connections 
Az =| 42847 14E-03 
B= -4.4 MGI E-14 
Cs 4 2657 1459E-12 


(*) Excitation: 
(+) Signat 
(-} Signal: 


(-) Exeitation: 
Daflections = A + (6 * Load) + (0 * Load"2} 


SSSSSSSSSSSSSSSSSSSSSS]]]____—— —_— —_— — — —————>———————————————————_— 
Exclafan: T1hMS VOR 
Zoro Balance: 0,162 mi 





Inquut Peeielannece: 351.28 Ohma 
Cutpul Meaielance: 251.75 Ohms 


hurt Calibration(s) 


*Signal = =to —- Excitation 


Elecincal Load Chul put Simulaled Load Percent of FS 


30.000 kOhen 20.089 mV 34466.1 Ib 69.0 % 
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Safety Compliance Testing for FMVSS 216a 


Page 23 of 186 
“Roof Crush Resistance” 


DTNH22-16-D-00028 / G19Q7-001.14 


Trescal mene 
ss 


17025 Accredited Certificate of Calibration 





| Acet #: 
Customer: 
Shipper #: 
Address: 


088470 

MGA Research Corporation 
No Shipper 

207 Elliott 


Troy, Mil, 48083 
Scott Arsen 
MIZ0037 


| Manufacturer: 
| Model: 

| Description: 

| Serial Number: 


| Asset Number: 
| Barcode: 


Interface, Inc. 
1720AF-S0K 
Load Cell 


2S1I9S3A 
Contact: 
FA) ff: 





As Received 


As Returned Action Taken 


Cal Dates 1212019 
In Tolerance XY In Tolerance yy Pall Cabbsration 2X Due Date: La 20R0 
iat ef Tolerance Cho of Telerance Sprcial Cabbeaton ‘Temperatare: Th deg. F 
Mal Ssnctecrni reg MalBenctoming Oper. Verification Huei ity: 75.0) % 
Dipeia ead Cipepacopral! Adpanted Bare. Press. 
Damaged WA Repaired Procedure: DCN $0345 
HHA Charted Badenence: ASTM ET4 (2018) / local 
Incoming Remarks: — pape 


Technical Remarles: 
Calibrated wilt fraion base fonpod fo BF A epi eens 


The nvfaeied eeeosereercn worry ie 2 2B weick eqereneeis on aaponelrdl ecenioiety anieg 3 ceverege footer (F = 2) approniaidng o OT Bi covgldieece 
level, 


Calibration Standards Utilized 


Cert. i Mansufacarer 


whokel & Description Cal Date Dee Date 
4574900033 General Radio 1434.8 Decade Resistor eV 262019 262020 
4747080039 Agilent Technologi 344204 NanovollMicro-Ohmmeter 1222019 Pra Fn | 
TATOO) = =Hone well 14S.0945-01- tmpenal Class Load Cell 12 2019 12 1200 
4T70R044 = Apiont Technologi 44204 NanovoliMicro-Ohnemeter IOP Ta019 DTT 2020 
‘a 
we 


The above identified uelt was calibrated im our laboratory at the address shown below. 

‘Ua erp peptidase ed spe ee a) ed geebeed ccp be Ped, erate hh eer epee el Tad. Thee es he Ber cicero ohh a Tent Uy Bae TU) 
ad peace thas 2: pppresinocing a) cenfideace level evita corrermge Decor ef = 2 eed othererben vised ebove og dato’ a the Reperd of Cebiemtcen Pistia linet atilierd 0 pepe cleo eal eld odie 
Dpeee ce, west bedi ere tee eget be Pee Fol pecs They ala ke pe Gg le Leer oboe i ee 3 cece WT er ie reagan pothenod labeoiy, soorpend Bendel 4 posal 


fs car cad, Paks pe el cation or ber econporiees bo teas bonded, Trekale cabbies pen 9 icp eek 
HM PRS, ARSE. CS, EOS ee, AL ST ee A ee 
(}A Approved: 


Tamcal soar el madrid eel beers peered Get ery OT) i eed ceed eek a Eee es. 
Si . ace 


© Samy memeber cel Piece: eg meme bop alee arom fa aD ie eal peta Be eth add ied ra petal 
1200 MN, Old US 23, PO Box 359, Hartland, MI 42353-0559 (£10) 225601 FAX (810) 225-4602 
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et 


Safety Compliance Testing for FMVSS 216a Page 24 of 186 
“Roof Crush Resistance” DTNH22-16-D-00028 / G19Q7-001.14 


Trescal 
ITESCe 


Report Number; 4842690017 
Report of Calibration 


Manufacturer: Interface, linc. Account Number: 88470 
Model: 12204F-50K Technician: M. Schneider 
Description: Load Cell Cal. Date: 1243/2019 
Serial Number: 2819534, ID: 2879534 


Calibrated in Tension 


Least Squares Percent 
Line Enrar 

0.0006 
8.2028 «0,002 % 
16,4199 O.010 % 
24.6514 “0,001 % 
32.8076 -0,011 % 
41.1585 0.006 % 
16.4198 
0.0005 


Linear Goehficieis Brikige Caorirectiors 
i a a a Be el 


Az 6.42857 14E-04 (+) Excitation: 
B= 8, 19496436 -4 (+) Signal: 
C= 7 .d214286E-11 (-) Signal: 
{-} Excitathon: 
Deflections = A+ (6 * Load) + (CG * Load*2) 


Electrical Data 


Excitation: 10.005 VoG Inpad Resislance: 350.67 Ohms 
fero Balance: 0.019 mi Ouiput Pesislance: 30.88 Ohms 


iuinel ARTO, a) 


+Signal = tos + Excitation 
Ekectrical Load Oud put Saudated Load Peron of FS 


30.000 kOhm 3645.4 fbf 70.7 % 
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Safety Compliance Testing for FMVSS 216a Page 25 of 186 
“Roof Crush Resistance” DTNH22-16-D-00028 / G19Q7-001.14 


Trescal 
Report Number: 4842690011 
Report of Calibration 


Manufacturer: Interface, linc. Account Number: 088470 
Model: 12204AF-50K Technician: M, Schneider 
Description: Load Call Cal. Date: 12/13/2019 
Serial Number: 2819534, ID: 2819534, 


Calibrated in Compression 


Least Squares 
Line 
0.0008 
Ai, 2635 
-16.5351 
2481 SG 
«43, 1000 
-443933 
16.5951 
0.0008 


Linear Coaticenta Snags Lorinecions 
—EEo EEE 


AS B.2142857E-4 (+) Excitation; 
B= -6. 2007 0986-04 (+) Signal: 
c= «3, 62500008-11 (=) Signal: 
(-) Excitation: 
Defections =A + (6 * Load) + (CG * Load*2) 


Electrical Data 


Exdiaten 1S VOC Input Piesislarce: 250.97 Ciena: 
foro Balance: 0.019 mV Output Resistance: 240,98 Ohms 


| srant (asorasors) 


+ Signal to = = Excitation 
Oubput Simulated Load Percent of FS 


29.148 mi¥ S6206.7 fbf 70.4 % 
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Safety Compliance Testing for FMVSS 216a Page 26 of 186 
“Roof Crush Resistance” DTNH22-16-D-00028 / G19Q7-001.14 


cw 


Cc Certificate #: 4842690001 e T 
resca Son. 


vi bbb, 
A 


thy, 





aw 

INS ‘ 
CTT IT oe 

Calibration Laboratory 

Certificate #: 1022.01 


SY 


4) 


ay 


17025 Accredited Certificate of Calibration 





Acct #: 088470 Manufacturer: Interface, Inc. 
Customer: MGA Research Corporation Model: 1220ACK-50K 
Shipper #: No Shipper Description: Load Cell 
Address: 2807 Elliott Serial Number: 557637A 
C Troy, MI, 48083 AeeaeN bee 
ontact: Scott Arsen sset Number: 
PO #: MI20037 Barcode: 
As Received As Returned Action Taken Cal Date: 12/13/2019 
In Tolerance In Tolerance ¥ Full Calibration =X Due Date: 12/13/2020 
Out of Tolerance Out of Tolerance Special Calibration Temperature: 93.00 deg. F 
Malfunctioning Malfunctioning Oper. Verification Humidity: 3500 % 
Operational Operational Adjusted Baro, Press.: 
Damaged N/A Repaired Procedure: DCN 50345 
N/A Charted Reierence: ASTM E74 (2018) / local 
med A 
Incoming Remarks: aa ee Dent: 


Technical Remarks: 
Calibrated with tension base torqued to 55 lb-ft mfg spec 
The estimated measurement uncertainty is +13 lbf, which represents an expanded uncertainty using a coverage Jactor (k = 2} approximating a 95 % confidence 
level, 


Calibration Standards Utilized 


Cert. # Manufacturer Model # Description Cal Date Due Date 
4574900033 General Radio 1434-B Decade Resistor 04/26/2019 04/26/2020 
4747080039 Agilent Technologi 34420A Nanovolt/Micro-Ohmmeter 10/22/2019 04/22/2020 
4747080040 Honeywell! 1C48/J345-01- Imperial Class Load Cell 10/21/2019 10/21/2020 
4747080044 Agilent Technologi 34420A Nanovolt/Micro-Ohmmeter 10/17/2019 04/17/2020 





The above identified unit was calibrated in our laboratory at the address shown below. 

This report applies only to the item(s) identified above and shall not be reproduced, except in full, without the written approval of Trescal. This unit has been calibrated utilizing standards with a Test Uncertainty Ratio (TUR) 
of greater than 4:1 approximating a 95 % confidence level with a coverage factor of A=2 unless otherwise staied above or as staled on the Report of Calibration. Trescal, Inc. ulilizes a simple decision mile unless otherwise 
specified, uncertainties are not included in Pass/Fail determination. The calibration was performed using references traceable to the SI through NIST or other recognized national laboratory, accepted fundamental or natural 
physical constants, ratio type of calibration, or by comparison (o consensus slandards. Trescal's calibration program is in compliance with: 


ISOAEC 17025:2017, ANSU/NCSL 2540-1:1994, ANSTYNCSL 2540.3:2006, MIL STD 45662A, QD-4000:2011. 
Trescal warrants all material and labor performed for ninety (90) days unless covered under a separate policy. 


* Any number of factors may cause the calibrated item to drift out of tolerance before the interval has expired. 
Technician Name/Date: Mark Schneider, 12/13/2019 Signatory: , AA d: 
ignatory ie Ju Mibiten QA Approve 
1200 N. Old US 23, PO Box 559, Hartland, MI 48353-0559 (810) 225-4601 FAX (810) 225-4602 
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Safety Compliance Testing for FMVSS 216a 


“Roof Crush Resistance” 


Trescal 


Manufacturer: Interface, Inc. 
Model: 1220ACK-50K 
Description: 
Serial Number: 


Load Cell 
557637A 


Applied 
Ibf 

0 
10000 
20000 
30000 
40000 
50006 
20000 

0 


Linear Coefficients 


il 


Ow > 
it oi 


Defiections = A+ (B * Load) + (C * Load42) 


Excitation: 
7ero Balance: 


Electrical Load 


30.000 kOhm 


REV: NOV13 


2.857142SE-03 
8.2520571E-04 
4, Q0000000E-11 


10.005 VDC Input Resistance: 
0.28 mV Output Resistance: 
Shunt Calibration(s) 

+ Signal to §=6+ Excitation 
Output Simulated Load 
29,134 mV 35214.9  Ibf 
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DTNH22-16-D-00028 / G19Q7-001.14 


Report Number: 4842690001 


Report of Calibration 


Account Number: 88470 
Technician: M. Schneider 
Cal. Date: 12/13/2019 


ID: 557637A 
Calibrated in Tension 
Observed Least Squares Percent 
mV Line Error 

0.000 0.0029 
8.263 8.2589 0,010 % 
16,525 16.5230 0.005 % 
24,793 24.7950 ~0,005 % 
33.071 33.0751 -0.010 % 
41.366 41,3631 0.007 % 
16.475 16.5230 
0.000 0.0029 


Bridge Connections 


(+) Excitation: 
(+) Signal: 
(-) Signal: 
(-) Excitation: 


Electrical Data 


0O WY 


351.47 Ohms 
351.33 Ohms 


Percent of FS 


70.4 % 
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Safety Compliance Testing for FMVSS 216a 


“Roof Crush Resistance” 


Trescal 
eae OE 


Manufacturer: Interface, Inc. 
Model: 1220ACK-50K 


Description: Load Cell 
Serial Number: 557637A 


Linear C 


Applied 
lbf 

0 
40000 
20000 
30000 
40000 
50000 
20000 

0 


coefficients 


~2.2857143E-03 
-8.3181714E-04 
7.1428571E-12 


Report of Calibration 


Calibrated in Compression 


Observed 
mV 
0,000 
-8.324 
-16.636 
~24,947 
-33.264 
-41.676 
-16,618 
0.000 


Deflections = A + (B * Load) + (C * Load42) 


Excitation: 
Zero Balance: 


Electrical Load 


30.000 kOhm 


REV: NOV13 


10.005 VDC 
0.28 mV 
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DTNH22-16-D-00028 / G19Q7-001.14 


Report Number: 4842690001 


Account Number: 088470 


Least Squares 
Line 
-0.0023 
-8.3197 
~16.6358 
~24,9504 
-33.2635 
-41,5753 
-16.6358 
-0.0023 


Electrical Data 


Shunt Calibration(s) 


+ Signal 


Output 


-29.077 mV 


- Excitation 


Technician 


: M. Schneider 


Cal. Date: 12/13/2019 
ID: 557637A 


Percent 
Error 


0.010 % 
0.001 % 
-0.008 % 
0.001 % 
0.002 % 


Bridge Connections 


(+) Excitation: 
(+) Signal: 
(-) Signal: 
(-) Excitation: 


Input Resistance: 
Output Resistance: 


Simulated Load 


34968.5  lbf 


UO BO > 


351.47 Ohms 
351.33 Ohms 


Percent of FS 


69.9 % 
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“Roof Crush Resistance” DTNH22-16-D-00028 / G19Q7-001.14 


% 


i 


“44, 


ww 


C Certificate #: 48426900050 =‘ T 
resca woes 
a ‘i 2 





qi 
a 


tr 


17025 Accredited Certificate of Calibration AAS 


Calibration Laboratory 
Certificate #: 1022.01 





weep 088470 Manufacturer: Interface, Inc. 
Customer: MGA Research Corporation Model: 1220ACK-50K-B 
Shipper #: No Shipper Description: Load Cell 
Address: 2807 Elliott Serial Number: 1019124A 
C ; Troy, MI, 48083 Axton bee 
ontact: Scott Arsen ea aii 
PO #: MI20037 Barcode: 
As Received As Returned Action Taken Cal Date: 12/13/2019 
In Tolerance x In Tolerance x Full Calibration K Due Date: 12/13/2020 
Out of Tolerance Out of Tolerance Special Calibration Temperature: 73.00 deg, F 
Malfunctioning Malfunctioning Oper. Verification Humidity: 35.00 % 
Operational Operational Adjusted Baro, Press.: 
Damaged N/A Repaired Procedure: DEN 50345 
N/A Charted Reference: ASTM E74 (2018) / local 
Returned As Is D ept: 


Incoming Remarks: 
Top plate bent 


Technical Remarks: 
The estimated measurement uncertainty is + 13 1bf, which represents an expanded uncertainty using a coverage factor (k = 2) approximating a 95 % confidence 
level. 


Calibration Standards Utilized 


Cert. # Manufacturer Model # Description Cal Date Due Date 
4574900033 General Radio 1434-B Decade Resistor 04/26/2019 04/26/2020 
4747080039 Agilent Technolog: 34420A Nanovolt/Micro-Ohmmeter 10/22/2019 04/22/2020 
4747080040 Honeywell 1C48/J345-01- Imperial Class Load Cell 10/21/2019 10/21/2020 
4747080044 Agilent Technologi 34420A Nanovolt/Micro-Ohmmeter 10/17/2019 04/17/2020 


The above identified unit was calibrated in our laboratory at the address shown below. 

This report applies only to the item(s} identified above and shall not be reproduced, except in full, without the wiitten approval of Trescal. ‘This unit has been calibrated utilizing standards with a Test Uncertainty Ratio (TUR) 
of greater than 4:1 approximating a 95 % confidence level with a coverage factor of 5=2 unless otherwise stated above or as stated on the Report of Calibration. Trescal, Inc, utilizes a simple decision rule unless otherwise 
specified, uncertainties are not included in Pass/Fail determination. The calibration was performed using references traceable to the SI! through NIST or other recognized national faboratory, accepted fundamental or natural 
physical constants, ratio type of calibration, or by comparison to consensus standards, Trescal's calibration program is in compliance with: 


ISQAEC 17025:2017, ANSUNCSL 2540-1:1994, ANSUNCSL 2540,3:2006, MIL STD 456624, QD-4000:2011. 
Treseal warrants all material and labor performed for ninety (90) days unless covered under a separate policy. 


+ Any number of factors may cause the calibrated item to drift out of tolerance before the interval has expired. 
Technician Name/Date: Mark Schneider, 12/13/2019 Signatory: k, dy Kitson QA Approved: 


1200 N. Old US 23, PO Box 559, Hartland, MI 48353-0559 (810) 225-4601 FAX (810) 225-4602 
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Safety Compliance Testing for FMVSS 216a Page 30 of 186 


“Roof Crush Resistance” 


Tresca 
a 


Manufacturer 
Model 
Description 
Serial Number 


Linear 


Deflections = A + (B* Load) + (C * Load42) 


* Interface, Inc. 

: 1220ACK-50K-B 
: Load Cell 

: 1019124A 


Applied 
lbf 
0 
10000 
20000 
30000 
40000 
50000 
20000 
0 


Coefficients 


3.0714286E-03 
8.2945214E-04 
4.2500000E-11 


Excitation: 10.002 VDC 
Zero Balance: 0.398 mV 


Flectrical Load 


30.000 kOhm 


REV: NOV13 


DTNH22-16-D-00028 / G19Q7-001.14 


Report Number: 4842690005 
Report of Calibration 
Account Number: 88470 
Technician: M. Schneider 


Cal. Date: 12/13/2019 
ID: 1019124A 


Calibrated in Tension 


' Observed Least Squares Percent 
mV Line Error 

0.000 0.0031 
8.306 8.3018 0.010 % 
16.612 16.6091 0.007 % 
24.922 24,9249 -0,007 % 
33.2456 33,2492 -0.010 % 
41.585 41.5819 0.007 % 
16.606 16.6091 
0,000 0.0031 


Bridge Connections 


(+) Excitation: A 
(+) Signal: B 

(-) Signal: C 

D 


(-) Excitation: 


Electrical Data 


Input Resistance: 351.80 Ohms 
Output Resistance: 351.65 Ohms 


Shunt Calibration(s) 


+ Signal to + Excitation 
Output Simulated Load Percent of FS 
29.154 mV 35063.5 — |bf 70.1 % 
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Safety Compliance Testing for FMVSS 216a 
“Roof Crush Resistance” 


Trescal 
Se 


Report of Calibration 


Manufacturer: Interface, Inc. 
Model: 1220ACK-50K-B 
Description: Load Cell 
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DTNH22-16-D-00028 / G19Q7-001.14 


Report Number: 4842690005 


Account Number: 088470 


Technician: M. Schneider 
Cal. Date: 12/13/2019 


Serial Number: 1019124A ID: 1019124A 
Calibrated in Compression 
Applied Observed Least Squares Percent 
lof mV Line Error 
0 0.000 -0.0016 
40000 -8.343 -8,3398 0.008 % 
20000 -16.677 -16.6769 0.000 % 
30000 -25,010 -25.0132 -0.008 % 
40000 -33.350 -33.3485 0.004 % 
50000 -41,683 -441,6829 0,000 % 
20000 16,657 ~16.6769 
0 0,000 -0,0016 


Linear Coefficients 


Bridge Connections 


A= -1.6428571E-03 (+) Excitation: A 
B= -8,3385786E-04 (+) Signal: B 
C= 4.6428571E-12 (-) Signal: Cc 
(-) Excitation: D 
Deflections = A + (B * Load) + (C * Load’2) 
Electrical Data 
Excitation: 10.002 VDC Input Resistance: 351.80 Ohms | 
Zero Balance: 0.398 mV Output Resistance: 351.65 Ohms 
Shunt Calibration{s) 
~ Signal to - Excitation 
Electrical Load Output Simulated Load Percent of FS 
30.000 kKOhm -29.112 mV 34920.7 lbf 69.8 % 
REV: NOV13 Page 2 af 2 
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Safety Compliance Testing for FMVSS 216a 
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“Roof Crush Resistance” 


DTNH22-16-D-00028 / G19Q7-001.14 


Certificate #: 4842690010 e T 


Oy 
SS 


Tresca 
a 


4, 
ay 


4, 
7“ 


4 


ee MPS 


ow 
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Calibration Laboratory 

Certificate #: 1022.01 





17025 Accredited Certificate of Calibration 


Ss 


Acct #: 
Customer: 
Shipper #: 


088470 

MGA Research Corporation 
No Shipper 

2807 Elkiott 


Troy, MI, 48083 
Scott Arsen 
MI20037 


Manufacturer: 
Model: 


Interface, Inc. 
1220AF-50K. 
Load Cell 
305366A 


Description: 
Address: 


Serial Number: 


Asset Number: 
Barcode: 


Contact: 
PO #: 





As Received 


As Returned Action Taken Cal Date: 12/14/2019 
In Tolerance ¥ In Tolerance Full Calibration Due Date: 12/14/2020 
Out of Tolerance Out of Tolerance Special Calibration Temperature: 73.00 deg. F 
Malfunctioning Malfunctioning Oper. Verification Humidity: 3500 % 

Operational Operational Adjusted Baro, Press.; 

Damaged N/A Repaired Procedure: DCN 50345 

N/A Charted Reference: ASTM E74 (2018) / local 
Incoming Remarks: poe pene: 


Technical Remarks: 


Calibrated with tension base torqued to 55 [lb-ft mfg spec. The estimated measurement uncertainty is £13 lbf, which represents an expanded uncertainty using a 
coverage factor (k = 2) approximating a 95 % confidence level. 


Calibration Standards Utilized 


Cert. # Manufacturer Model # Description Cal Date Due Date 
4574900033 General Radio 1434-B Decade Resistor 04/26/2019 04/26/2020 
4747080039 Agilent Technologi 34420A Nanovolt/Micro-Ohmmeter 10/22/2019 04/22/2020 
4747080040 Honeywell 1C48/J345-01- Imperial Class Load Cell 10/21/2019 10/21/2020 
4747080044 Agilent Technologi 34420A Nanovolt/Micro-Ohmmeter 10/17/2019 04/17/2020 


ae) 


iN 


Seer! 


The above identified unit was calibrated in our laboratory at the address shown below. 


This report applies only to the item(s) identified above and shall not be reproduced, except in full, without the wrilten approval of Trescal, ‘This unit has been calibrated utilizing standards with a Test Uncertainty Ratio (TUR} 
of greater than 4:1 approximating a 95 % confidence level with a coverage factor of A=2 unless othenvise stated above or as stated on the Report of Calibration. Trescal, Inc. utilizes a simple decision rule unless othenvise 
specified, uncertainties are not included in Pass/Fail determination. The calibration was performed using references traceable to the SE through NIST or other recognized national laboratory, accepted fundamental or natural 
physical constants, ratio type of calibration, or by comparison to consensus standards. Treseal’s calibration program is in compliance with: 

JSO/EC 17025:2017, ANSI/NCSL Z2540-1:1994, ANSUNCSL 2540.3:2006, MIL STD 45662A, QD-4000:2011, 
Treseal warrants all material and labor performed for ninety (90) days unless covered under a separate policy, 
* Any number of factors may cause the calibrated item to drift out of tolerance before the interval has expired, 
QA Approved: ; 


Technician Name/Date: Mark Schneider, 12/14/2019 


Signatory: ie Ju Wilde 


1200 N. Old US 23, PO Box 559, Hartland, MI 48353-0559 (810) 225-4601 FAX (810) 225-4602 
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Safety Compliance Testing for FMVSS 216a 


“Roof Crush Resistance” 


Trescal 
a 


Manufacturer 
Model 
Description 
Serial Number 


Linear 


Deflectians = A + (B * Load) + (C * Load42) 


Excitation: 
Zero Balance: 


Electrical Load 


30.000 kOhm 


REV: NOV13 


: Interface, Inc. 
: 1220AF-50K 
: Load Cell 

* 305366A 


Applied 

Ibf 

0 
10000 
20000 
30000 
40000 
50000 
20000 

0 


Coefficients 


4,2857143E-04 
8,2598286E-04 
~3.2607658E~-24 


10.005 VDC Input Resistance: 
0.019 mV Output Resistance: 
Shunt Calibration(s) 

+ Signal to + Excitation 
Output Simulated Load 
29.064 mV 35186.4 bf 
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DTNH22-16-D-00028 / G19Q7-001.14 


Report Number: 4842690010 


Report of Calibration 


Account Number: 88470 


Technician 
Cal. Date 
ID 
Calibrated in Tension 
Observed Least Squares Percent 
mV Line Error 
0.000 0.0004 
8.261 8.2603 0.002 % 
16.520 16.5201 0.000 % 
24.780 24,7799 0.000 % 
33.039 33.0397 -0.002 % 
41.300 41.2996 0.004 % 
16.496 16.5201 
0.000 0.0004 


: M. Schneider 
: 12/14/2019 
: 305366A 


Bridge Connections 


(+) Excitation: 
(+} Signal: 
(-) Signal: 
(-) Excitation: 


Electrical Data 


0a DD > 


350.87 Ohms 
350.87 Ohms 


Percent of FS 


70.4 % 
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Safety Compliance Testing for FMVSS 216a 
“Roof Crush Resistance” 


Trescal 
a 


Manufacturer 
Model 
Description 
Serial Number 


: Interface, Inc. 
: 1220AF-50K 
: Load Cell 

: 305366A 


Applied 
Ibf 

0 
10060 
20000 
30000 
40000 
50000 
20000 

0 


Linear Coefficients 


Excitation: 
Zero Balance: 


Electrical Load 


Page 34 of 186 
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Report Number: 4842690010 
Report of Calibration 


Account Number: 088470 
Technician: M. Schneider 
Cal. Date: 12/14/2019 


ID: 305366A 
Calibrated in Compression 
Observed Least Squares Percent 
mV Line Error 
0,000 0.0004 
-8.305 -8,3064 ~0,003 % 
~-16.614 ~-16,6126 0.003 % 
~24,918 ~24,9180 0.000 % 
-33,222 -33,2227 ~-0.002 % 
-41,527 41,5267 0.001 % 
~16,609 -16,6126 
0,000 0.0004 


Bridge Connections 


4.2857143E-04 (+) Excitation: A 

~8.3072143E-04 (+) Signal: B 

3.5714286E-12 (-) Signal: Cc 

(-) Excitation: D 

Deflections = A + (B * Load) + (C * Load’2) 
Electrical Data 
10.005 VDC input Resistance: 350.87 Ohms 
0.019 mV Qutput Resistance: 350.87 Ohms 
Shunt Calibration(s) 
+ Signal to = - Excitation 
Output Simulated Load Percent of FS 
-29.057 mV 34985.7  Ibf 70.0 % 


30,000 kOhm 


REV: NOV13 


Page 2 of 2 
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Cc Certificate #: 4842690003 e T 
resCd Oy, oa, 
> at. i 





17025 Accredited Certificate of Calibration 


Calibration Laboratory 
Certificate #: 1022.01 





Acct #: 088470 Manufacturer: Interface, Inc. 
Customer: MGA Research Corporation Model: 1220AF-50K 
Shipper #: No Shipper Description: Load Cell 
Address: 2807 Elliott Serial Number: 305386A 
C Troy, MI, 48083 r Avani hea 
ontact: Sagrareen sset Number: 
PO#: MI20037 Barcode: 
As Received As Returned Action Taken Cal Date: 12/14/2019 
In Tolerance ¥ In Tolerance Full Calibration X Due Date: 12/14/2020 
Out of Tolerance Out of Tolerance Special Calibration Temperature: 7300 deg. F 
Malfunctioning Ma! functioning Oper. Verification Humidity: 35.00 % 
Operational Operational Adjusted Baro, Press.: 
Damaged N/A Repaired Procedure: DCN 50345 
N/A Charted Rerecence: ASTM E74 (2018) / local 


: Returned As Is ‘ 
Incoming Remarks: Dept: 


Technical Remarks: 
Tension base torqued to 55 lb-ft nifg spec before calibration 
The estimated measurement uncertainty is +13 lof, which represents an expanded uncertainty using a coverage factor (k = 2) approximating a 95 % confidence 
level. 


Calibration Standards Utilized 


Cert. # Manufacturer Model # Description Cal Date Due Date 
4574900033 General Radio 1434-B Decade Resistor 04/26/2019 04/26/2020 
4747080039 Agilent Technologi 34420A Nanovolt/Micro-Ohmmeter 10/22/2019 04/22/2020 
4747080040 Honeywell 1C48/J345-01- Imperial Class Load Cell 10/21/2019 10/21/2020 
4747080044 Agilent Technologi 34420A Nanovolt/Micro-Ohmmeter 10/17/2019 04/17/2020 


The above identified unit was calibrated in our laboratory at the address shown below. 

This report applies only to the item(s) identified above and shall not be reproduced, except in full, without the wrilten approval of Trescal. This unit has been calibrated utilizing standards witha Test Uncertainty Ratio (TUR} 
of greater than 4:1 approximating a 95 % confidence level with a coverage factor of 4=2 unless othenvise slated above or as siated on the Report of Calibration, Tresceal, Inc, utilizes a simple decision nile untess othenvise 
specified, uncertainties are not included in Pass/Fail determination. The calibration was performed using references traceable to the ST through NIST or other recognized national laboratory, accepted fundamental or natural 
physical constants, ratio type of calibration, or by comparison to consensus standards. Trescal's calibration program is in compliance with: 


ISOAEC 17025:2017, ANSINCSL Z540-1:1994, ANSUNCSL Z540.3:2006, MIL STD 45662A, QD-4000:2011. 
Trescal warrants all material and labor performed for ninety (90) days unless covered under a separate policy. 


+ Any number of factors may cause the calibrated item to drift out of tolerance before the interval has expired. 
Technician Name/Date: Mark Schneider, 12/14/2019 Signatory: d AA d: 
ark Schneider, 12/4/2019 gnatory andy Ktisew QA Approved: 
1200 N. Old US 23, PO Box 559, Hartland, MI 48353-0559 (810) 225-4601 FAX (810) 225-4602 
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Trescal 














Report Number: 4842690003 
Report of Calibration 
Manufacturer: Interface, Inc. Account Number: 88470 
Model: 1220AF-50K Technician: M. Schneider 
Description: Load Cell Cal. Date: 12/14/2019 
Serial Number: 305386A ID: 305386A 
Calibrated in Tension 
Applied Observed Least Squares Percent 
Ipf mV Line Error 
0 0.000 0.0029 
{0000 8.246 8.2420 0.010 % 
20000 16.485 16.4825 0.006 % 
30000 24,722 24,7243 -0.005 % 
40000 32.963 32.9674 -0.011 % 
50000 41.215 41.2119 0.007 % 
200006 16,449 16.4825 
0 0.000 0.0029 
Linear Coefficients Bridge Connections 
A= 2.9285714E-03 (+) Excitation: A 
B= 8.238407 1E-04 (+) Signal: B 
C= 6.7857143E-12 (-) Signal: C 
(-) Excitation: D 
Deflections = A + (B * Load) + (C * Load*2) 
Electrical Data 
Excitation: 10.005 VOC Input Resistance: 351.45 Ohms 
Zero Balance: 0.056 mV Output Resistance: 351.44 Ohms 
Shunt Calibration(s) 
+ Signal to + Excitation 
Electrical Load Output Simulated Load Percent of FS 
30.060 kOhm 29,123 mV 35330.6  Ibf 70.7 % 
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Trescal 








ne 
Report Number: 4842690003 
Report of Calibration 
Manufacturer: Interface, Inc. Account Number: 088470 
Model: 1220AF-50K Technician: M. Schneider 
Description: Load Cell Cal. Date: 12/14/2019 
Serial Number: 305386A ID: 305386A 
Calibrated in Compression 
Applied Observed Least Squares Percent 
Ibf mV Line Error 
0 0.000 -0,0012 
10000 ~8,282 ~8,2798 0.005 % 
20000 ~16.558 ~16.5584 -0.001 % 
30000 -24.837 -24.8370 0,000 % 
40000 -33.114 -33.1155 -0.004 % 
50000 -41,395 -41,3940 0.002 % 
20000 ~-16.548 -16.5584 
0 0.000 -0.0012 
Linear Coefficients Bridge Connections 
A= ~1.1785714E-03 (+) Excitation: A 
B= -8.2786607E-04 (+) Signal: B 
C= 1.7857143E-13 (-) Signal: Cc 
(-) Excitation: D 


Defiections = A + (B * Load) + (C * Load42) 


Electrical Data 
eee ns roar TS RRA TE TTT aN SeeNN 


Excitation: 10.005 VDC Input Resistance: 351.45 Ohms 
Zero Balance: 0.056 mV Output Resistance: 351.44 Ohms 


Shunt Calibration(s) 


+ Signal to - Excitation 
Electrical Load Output Simulated Load Percent of FS 
30.000 kOhm -29,154 mV 35214.4  Ibf 70,4 % 


REV: NOV13 Page 2 of 2 
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HUMANETICS’ Report Summary 


23300 Haggerty Rd. Farmington Hills, Ml 48335 











Tel: 248-778-2000 Fax: 248-778-2001 | | | ACCRED 
emad: inf humaneticsatd.com Automated Load Cell Calibration System ee 
WSR: = WHR RUT area Gort Copyright (c)1987-2017 Humanetics Innovative Solutions, inc. Cert # 2421.03 
Customer Name! MGA RESEARCH CORPORATION Identification No: BF1910081126 
39653 DEQUINDRE Date*- 1Ofe2019 
TROY Mi 48083 
Manufacturer; Humanetics Serial Number: DH9302 
Model Number: 9555TF 
As Received Condition As Shipped Condition Action Taken 
In Tolerance® [| In Tolerance® | Repair a 
Out of Tolerance® [| Out of Tolerance® Cc Full Calibration fa 
Operalional | Operational I Special Calibration Gat 
Not Operational ‘i. Not Operational a Returned "As |s" 5 
Damaged Cy Damaged | 
ALA, [J ATA, lr] 
Received Notes” As Shipped Notes Action Notes 
va nia _ nia 
Technical Notes: Calibration A2LA Accredited: = |v|Yes = | |No 
1) Unless othenaise noted all calibrations conform ta (SO 17025-2005, CMC/a) CMC) 
; Uncertainty Uncertainty 
Standard 1D Report No. Serial No, Due Date (Force) {Moment} 
cal ie af 2829ci3aTdddin 1c9 §r1a08 ar2020 0.20% FS Q Ss FS ; 
7) Calijrabon Standards Used: Standards ised in the calkesion of Pus transducer are baceable ts NIST (Mationa! inatituin of Standards and Tectinotogy) Viith 


exception of tht raasurormenis reported on thie Load Cel Bridge impedance Measurement Summary, whieh are tor verification anhy 


4) Laboratory Scope: Hurmanabtcs Innovacve Solugen, ince caliraten progeom is accnadiied to ISOIEG 17025:20)5 ANSUNCEL 7-440-1-1904 


4) “Dete* indicates confinmeateon of calibration data and shoukd be used to increment calluradtion imerata 


a) Gafibrobon Methods The Calibrate Methods uted in this cadbraten are defined in fhe Calibraten Mathod for Sangle and Ghd Asie Lond Cate 
(OL WR) Proceduee Numiser CL-PR-0000 TPAC) -PAR-oome 


6) This Gocument anplieg only to the caliraion of tha fem described above and the apecte cattbraton performed by the Mumanedics Innovative Solutions, Inc: 
cilibrahon taboraiary. Vite decarirg in Toletanoe or Out of Toternce conditinnads), the calibration laboratory uilizns a Shared Fisk Method** on the 
decaion nie, The stability of the WUT over time depends on many factors outsike our condo! ff is the reEnoreeslity of ihens ing ihe ile desoibed above 
lo quantfy thes eraurerrepel of umcarainty and evaluate the adoquicy of (her mimaiunemeni process fo demonsigin thd measurement Ince i 


credibly mairdiaingd 
T) This reper etal nol be repeocuced, @moepl in ful, without th wartien consent of the Mumonetice Innovate Solutions, ines calibraton iainorabory 


5 Shea ond Meapuraetnn! Capoivities (CMC) ropresent apanded UnCerLen ies copteeyed at approwimalaly tha 5% real of confidence, conning tae ba 
lead 


“The Humanetce Inntvedive Solubons, Inc. calibraton kmerntory doce not expand the provided maasurdd valud(s) by the atocisied umonrtainty ef the 
ALTESTen. When parameters) are ceetified to be within gpeciied tolerances), he unexpanded measured value(s) shall fall win the aporopriain 
bpecfiraton bent, With wretien agreement from the cusiemer, other decision rules may bo wee Plas wait Phe company wobsite at 


Wwe humanetrsats com fora copy of the Scope and Conificete A copy of ihn scope and certificate i ato avelable upon request 
)1o | 4 
40 \ 
CL-FO-001 12 Page 1 of 5 Rew Bi 


Technician: BURCHI PWVE/20 18 11:52:39 AM 
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Safety Compliance Testing for FMVSS 216a 
DTNH22-16-D-00028 / G19Q7-001.14 


“Roof Crush Resistance” 


Calibration Report 


23300 Haggerty Rd. Farmington Hills, Mi 48335 Uni-Directional Calibration 
Tel: 248-778-2000 Faw: 248-778-2001 

email: IN-oEumaneticsatd.camn 

website: ww humeneticsatd com 


Automated Load Cell Calibration System 
Capynght (c)1987-2017 Humanetics Innovative Solutions, Inc. 





TO 1 8 











Applied Excitation (VOC) 10.000) Date 
Calibration No BF IS 10081126 6 Me. Frem Cal arero20 172Mo. FroomGal 1OeoORO 
Motel Mo S545451F Senal No DHea07 
Technician BURCHI Tame (*C) 221 Hien. (%) 378 
Cours bos MGA RESEARCH CORPORATION Lest Calibrated 112018 
Desonption Channel Load Cell Customer Tag Murmber 
Bridge c it Zero Offset Nonlingarit Hyst Output @ Capacit % Cl 
Fx 2224.1 NM 49.0025 mviv 0.02 4% FS 0.18 % FS 1714? mviy 0.16 S FS 
FY 22od 1M 0.0064 mint 00 % FS 0.21% FS 17 1BS mv 0.059 % FS 
Fz 4445.2 N O.0189 mv 0.05 %FS 004% FS “1 2ata my “ia FS 
FX "2224 N 17 1465 0.007 70938 £.5733 (0 00385469 4 4203 i] 00154188 
Fy 2224.1 W 17 1830 0.007 72580 86915 O.00386290 3.4386 0.001545 16 
Fz 44442 WN “12 4128 40, 00278050 46.2064 ‘O.00139525 “2 4826 0. 00055810 
Shunt 
Fx 130.0 K Omnis 1529.0 N 700.0 Ofrns 
FY 130.0 K Obnts 1527.0 700.0 Ohms 
Fz 200.0 K Ohnts 3162.0 700.0 Ohne 
Note: Positive shunt is between +Exc_+Sag Negative shunt is botwoen -Exc +5: 
Fé 
Ben *Exc | Gm + Exe 
Red + Say Blu + Sq 
AA, * Teds | NIA + Teds 
Org - Exe Wie - Exe 
Yel - Sig Gry Sig 
MA -Teds | Ni Teds 
2K-CL-D2K-1 Interface, Inc 16 10FMO-2K-T 571308 ad12829cisaTédataicd W720 





Calibrated by: 


“p imanetics Innovative :Sélutans: Inc. Authorized Representative 
Note: This report shall nol be reproduced, except in full, wilhout the written consent of Hurmanetics innovative Solutions, inc 


: Rev 
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Safety Compliance Testing for FMVSS 216a 
“Roof Crush Resistance” 


23300 Haggerty Rd, Farmington Hills, Ml 48335 
Tel: 248-778-2000 Fax: 248-778-2001 
email: iInfoahumanehcsatd, com 
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Loading Sequence Summary 


Uni-Directional Calibration 


Automated Load Cell Calibration System 


Copyright (c) 1987-2017 Humanetics Innovative Solutions, Inc, 














Waele VA. humane bsatccom 
Calibration Number BF isi PORT 128 Dale TOT 
Model Number S555TF 6 Mo. From Cal 4a/2020 12Mo. From Cal 10/8/2020 
Senal Nuntber DHaa02 Last Calibrated nO O2018 
Desongtion 3-Channel Load Call Tarp ("C) 23.1 Hum, (%) 37.9 
Customer MGA RESEARCH CORPORATION Customer Tag Nurnber 
in 
Axis FS Load FS Output Sensitivity Nonlinearity Hysteresis § Moment 
EU mv mVViEU % FS. % FS Arm EU 
Fx 2224.1 N 1.714651 0.0007 7094 0.02 0.18 0 
FY 2224.1 N 1.718303 0.0007 7258 0,06 0.21 0 
FZ aad62 N -1.24a1278 “0 ,00027905 0.05 0.04 oO 
0.0012 mv 
FY Axis 0.0015 miviv 
Fé Axis 0.0001 mii 
Force | Fx ) = “05 + 1297 22 Output (mv) 
Force | Fy ) = -0.57 + 1294.74 . Output (mV 
Foroe ( FZ ) = -1.04 + “3583.17 r Output (mVvry) 


Mole: This report shall not be reproduced, except in full, wihout the written consent of Humanatics Innovative Solutions, Inc 
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Techniaan BURCHI 
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Rev 8 
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Safety Compliance Testing for FMVSS 216a 
“Roof Crush Resistance” 


DHUMANETICS 


23300 Haggerty Rd. Farmington Hills, Ml 48335 
Tel: 248-778-2000 Faw: 248-778-2001 
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Crosstalk Summary 


Uni-Directional Calibration 


Automated Load Cell Calibration System 


Copyright (c)1987-2017 Humanetics Innovative Solutions Inc 








ermal, infogihumanaiicsatd com 
we bora: Wii fumaneticsatd_com 
Caltiration humber BF isi00at 126 
Palace! Niuurritenr 8445451F 
Sonal Number GHasie 
Cesecripteon -Chanen! Load Goll 
Cusionmear oA RESEARCH CORPORATION 
Crosst 
Fx FY 
Fx 22241 WN 1.714651 -0.006162 
FY 2224 1 WN 0.008423 1.718303 
Fz 4446.2 0.007 186 0.000697 
FX FY 
Fx 2224.1 WN O.0000% -0.3586% 
FY 2224.1 WN 0.5496%. 0,0000% 
Fi 4445.2 WN 0.06925 0.04065 


Date 102019 
6 Ma. From Cal 4/e2020 i2Méo.FrmCal  i0e2020 
Last Cahirated THT 2016 
Temp (*C) 24.7 Hum. (%) 37.9 
Customer Tag Number 
Ff 
0.001837 0.000000 0.000000 0.000000 
-0.002300 0.000000 0.000000 0.000010) 
“1.241278 0.000000 0.000000 0.000000 
Fé 
-0,1480% 0,0000% 0.000K0% 0.0000% 
0.1853% 0,0000% 0,0000% 0.0000% 
0.0000% 6,.0000% 0.0000% 0.0000%, 


Note: This regort shall not be reproduced, axoent in full, withoul the written consent of Humanetics bnnovalive Solutions, inc 
*Peromntage crosstalk for foros channels applying moments are comected for tha applied force 


CL-FO-00112P 
Technician: BURCHI 
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“Roof Crush Resistance” 





Measurement Report 


wil MAN EHC Load Cell Bridge Impedance 





23300 Haggerty Rd. Farmington Hills, Mi 48335 ane : 3 
Tol: 248-778-2000 Fax: 248-778-2001 Measurement Summary 

email: infaaiyhumaneticsatd.com Automated Load Cell Calibration System 

wes Ei La: WA umanehcsaicd. com Capynght (cyi S87-2017 Humanetics Innovative Solutions inc 
Calibration Number | BF iS1OOe 1126 Date 1cvay2019 

Model Number $5557 F 6 Mo. Frorn Cal 4/B2020 i2Z@Mo. From Cel 10/2020 

Serial Nurnbar DH9I02 Last Calibrated Toso 

Desorption J-Chonnel Load Call Tomp(*C} 8 2h.1 Hum. (96) 37.5 

Customer MGA RESEARCH CORPORATION Cuciomer Tag 





Bridge Impedance Measurements” 


Input Output 
Channel 1 FX 706.0 706.1 Ohms 
Channel 2 FY 7O4.3 706.0 Ohms 
Channel 3 F2 706.1 704.3 Ohms 
Bridge High Short Measurement** 
Bridge to 
Axis Transducer Body 
Channel 1 Fx 2=2,.00G Ohms (10° Ohms) 
Channel 2 FY >=2.00G Ohms (10° Ohms) 
Channel 3 Fz 2=2.00G Ohms (10% Ohms) 


















#((0.0048 « <roading=) + 0.05 Ohms i? Years Gj 18 ta 26°C 


National Instruments PXI-4077 Mullimetar 
t(/(0.45 x <rmading>) + 10°4 Otis) Veer i 29°C +45°C 


Keysight B2985A Electrometer/High Resistance Mater 


"MOTE: Inpul impedince maadurements taken bolween fexciation, Gulp impedance measiufamens laken between tsagnal 
“NOTE: High shod moasuramenis ano taken between tecctation and the transducer body. Measurements are made a +500 VOC 
The measurements reporied on this page ace for verification purposes only and ane not AZLA accredited 


hole This report shall not be raproduced, except in full, without the wotten consent of Humanebcs Innovatve Solubans, line 
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Novesiar Calibration Certificate 


5 O LU T | O W §& 





Matrotogy Management Services onary 
35200 Plymouth Pid. / Livonia, Ml 48150 / 734.453.8000 EPRMERUID H F637 TS: 308S40 





PRO 360 - GENERIC - DIGITAL PROTRACTOR 


SERIAL NUMBER: WIA WORK ORDER: 208340 
ASSETNUMBER: 263778 TEST RESULT: PASS 
CUST ASSET NUMBER: MGAQOITS FERFORMED ON: Of 16/20 
PROCEDURE NAME: MIT-PRO360-MMC CAL DUE DATE: O316/21 
PROCEDURE REV: 1.1 DATA TYPE: FOUND-LEFT 
CALIBRATED BY: Cody Brent TEMPERATURE: 24°C 


CUSTOMER: MGA RESEARCH - STATIC LAB HUMIDITY: 26% 
22603 DEQUINDRE 
TROY, M1 48083 


PRIMARY CONTACT: Takisha Doss 





Thess instrument has been processed and calibrated in accordance with the NovaSitar Solutions Quality System Manual, All calibrations are traceable to the 
National Institute of Standards and Technology (NIST) o¢ to another National Metrology Institute to the injemational System of Lines (5! unets), acceptable 
iInbrinsss standards of measurement, of derived by the ratio type of self-calibration techniques, The NowaStar Solutions quality system is accredited ISOMEC 
17025 and ANSWUNCSL 2540-1-1904 


The resuits reported herein apply only to ihe calibration of the fem described above. No sampling plan was used for this calibration. 

Where statements of compliance are made, the measurement uncertainty is not factored in unless otherwise nojed. Expanded uncertainties are expressed 
at the approximate 95% level of confidence using a K=2. Due to any number of factors, ihe recommended due date on the item does not imply continuing 
conformance to apechcatons dunng the recommended interval. Unless othensise stated the unit under test moets of exceeds manufacturer specifications. 


For range and best meaturement capability speciicakons for the standards used io perfonn this calibration, see the most recent calibration report 
mainiained by this calibration laboratory (available upon request) 


This Faponl may not be reproduced, except in full, without written aporoval fom NovaStar Solutions. 





AS RECEIVED CONDITION: In Tolerance REMARKS: WIA 
AS RETURNED CONDITION: — In Tolerance 
ACTION TAKEN: FULL CALIBRATION 





Assot# Cort # Description Cal Date Due Date 
tT 2076 1487 Road 427260 - EXTECH - DATA LOWGGER barrens Ce rio 
aeee 2eee 1494508043 550050 - YUASA - ROTARY TABLE OSv201F Oi ieor 


a ASR Scio ahaiannieaesin 
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Novesiar Calibration Certificate 


§ OL UTIOW §& 
Metrology Managemen! Services. 


25200 Plymouth Rd. / Livonia, Mi 48150 / 74.453.8003 





PRO 360 - GENERIC - DIGITAL PROTRACTOR 


SERIAL NUMBER: WiA WORK ORDER: 308340 
ASSET NUMBER: Z63778 TEST RESULT: PASS 
CUST ASSET NUMBER: MGARDITS PERFORMED ON: 03/16/20 
PROCEDURE NAME: MIT - PRO 360 - MMC CALQUE DATE: O316/21 
PROCEDURE REV: 1.1 DATA TYPE: FOUND-LEFT 
CALIBRATED BY: Cody Brent TEMPERATURE: 24°C 


CUSTOMER: MGA RESEARCH - STATIC LAB HUMIDITY: 26% 
33653 DEQUINDRE 
TROY, Mi 48083 


PRIMARY CONTACT: Takisha Doss 





This instrument has baren processed and calibrated in accordance with the NovaStar Solutions Quality System Manual. Al calibrabons are traceable to the 
National Instituie of Standards and Technology (NIST) of to anotier Nationa! Metrology Institute to the Intemational System of Units (5! units), acceptable 
intrinsic standards of measurement, of derived by the ratio type of sell-calipration techniques. The NovaStar Solutens quality system is accredited ISONEC 
17025 and ANSUNCSL 2540-1-1504. 


The results reported herein apply only to the calibration of the tem described above. No sampling plan was used for this calibration 

Where statements of compliance ane mada, tho measurement uncertainty is nod factored in unless otherwise noted. Expanded uncerlantios are expressed 
at the approximate 95% level of confidence using a Ke2. Due to any number of factors, the recommended Gua date on the Gem dogs mod imply continuing 
conformance to specifications during the recommended interval. Undess otherwise stated the unit under tes! meets or exceeds manulaciurer specifications 


For range and best measurement capabdity specifications for the standards used to perform thes calibrabon, see the most necent calibrabon report 
maintained iy this calbraton laboratory (avedable upon request) 


This report may not be reproduced. except in ful, without written approval from NovaStar Solutions, 





AS RECEIVED CONDITION: = In Tolerance REMARKS: WIA 
AS RETURNED CONDITION: in Tolerance 
ACTION TAKEN: FULL CALIBRATION 








Oescription Cal Date Due Date 
2076 2076: 1438783344 42280 - EXTECH - DATA LOGGER OO2T2019  o2TO20 
feee faze. 1494508049 550-050 - YUASA - ROTARY TABLE OS 1V2017 O81 Te? 


QA Sgnatume ASR Duke: STB2000 1026:55.4M 
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Novesiar Report Of Calibration 


sO LU Ttow Ss 
Metrology Management Services 


35200 Plymouth Rid. / Livonia, Ml 46150 / 734.453.8003 





FRO 360 - GENERIC - DIGITAL PROTRACTOR 


SERIAL NUMBER: NA, WORK ORDER: 308340 
ASSET NUMBER: £63776 TEST RESULT: PASS 
CUSTASSETNUMBER: MGAOO1TS PERFORMED ON: O41G20 


PROCEDURE NAME MIT - PRO 360 - MMC CAL DUE DATE: OW1621 
PROCEDURE REV: 1.1 DATA TYPE: FOUND-LEFT 
CALIBRATED BY: Cody Brent TEMPERATURE: 24°C 


CUSTOMER: MGA RESEARCH - STATIC LAB HUMIDITY: 26 % 
32653 DEQUINDRE 
TROY, MI 48083. 





PRIMARY CONTACT: Takisha Doss 


This instrument has been processed and calibrated in accordance with the NovaStar Solutions Quality System Manual. Al calibrations are traceable io the 
Natonal institute of Standards and Technology (MIST) o¢ to another Natonal Metrology Institute to the International System of Uinets (51 units), acceptable 
intrinsic standards of measurement, of derived by the ratio type of sell-calibration techniques. The NovaStar Solutions quality sysiem is accredited ISOMEC 
17025 and ANSUNCSL 2540-1-1004. 


The results reported herein apply only to the calibration of the item described above. No sampling plan was used for this calibration. 


Expanded uncertainties are expressed af the approximate 95% level of confidence using a K=2. Que to any number of factors, the recommended due date 
on the item does not imply continuing conformance to specifications during the recommended interval. Unless otherwise stated the unit under test mecis or 
exceeds manufacturer specifications. 


For range and best measurement capability specifications for the standards used to perform this calibration, see the most recent calibration report 
maintained by this caliration laboratory (available upon request). 


This report may not be reproduced, except in full, without wiitten approval from NovaSiar Sotubons. 


REMARKS: WA 





Asset # Cert é Description Cal Date Due Date 
2076 D076: 1438783344 42280 - EXTECH - DATA LOGGER om272019  Og27/2020 
fone fe22: 189d 5060084 550-050 - YUASA - ROTARY TABLE OS W2017 O51 W202? 





Generated: 2416/2020 11:12:13 AM Page 1 af 2 Interna’ Use: ST v1.1 


Safety Compliance Testing for FMVSS 216a Page 46 of 186 
“Roof Crush Resistance” DTNH22-16-D-00028 / G19Q7-001.14 





2St Frocedcure Results 
Test results for calibration with work order : 308340 
Test Description Norninal Tost Result Limit (Lower) Limit(Upper) Units Uncertainty Pass/Fail 
LINEARITY CHECK 
0° REFERENCE 0.0 o.0 “01 0.1 : Pass 
5 5.0 a9 a9 i ra 0.062" + 0.6R Pass 
30 20.0 29.6 29.8 30.2 : 0.062" « 0.6R Pass 
60 60.0 60.0 59.6 60.2 : 0.062" + 0.6R Pass 
$0 90.0 8.9 49.9 0.1 . 0.062" + 0.6R Pass 
60 60.0 60.0 69.8 60.2 ; 0.082" + 0.6R Pass 
wT 30.0 29.9 29.6 a2 : 0.062" + 0.6R Pass 
5* 5.0 4.9 49 51 : 0062" + 0.6R Pass 
o 0.0 6.1 -0.1 0.1 Pasa 
5 5.0 5.0 49 5.1 . 0.082" + 0.6R Pass 
ay 30.0 20.9 29.8 rd i G2" + 0.6R Pass 
a 60.0 $9.9 59.8 60.2 r O.082" « 0.6R Pass 
Lie 80.0 f0.0 89.9) 1 ; 0.082" + O.6R Pass 
Td 60.0 50.9 59.8 607 : 0.62" « 06R Pass 
ct 30.0 20.0 20,8 Ot : D.082" « 0.6K Pass 
5" 5.0 5.1 49 5.1 O.082" + 0.6R Pass 
o* 0.6 0.1 “J. t 01 Pass 
ABSOLUTE ZERO ANGLE 0.0 0.1 0.1 0.1 Pass 
- END OF REPORT - 
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Novesiar Calibration Certificate 


SOLUTION & aay 
Metrology Management Services niztnm 





35200 Plymouth Rd. / Livonia, Ml 48160 / 734.453.8003 HI HEU tJ EY Certificate # 2106680:312657 





33-215 - STANLEY - 12° TAPE MEASURE 


SERIAL NUMBER: N/A WORK ORDER: 312657 
ASSET NUMBER: #Z106680 TEST RESULT: PASS 
CUST ASSET NUMBER: TPMO003-86 PERFORMED ON: 04/28/20 
PROCEDURE NAME: STA- 33-215 - MMC CAL DUE DATE: O4/28/21 
PROCEDURE REY: 1.0 DATATYPE: FOUND-LEFT 
CALIBRATED BY: Anthony Barbera TEMPERATURE: 20°C 
CUSTOMER: MGA RESEARCH CORP HUMIDITY: 41 % 


29276 ELLIOT AVENUE 
TROY, Ml 48083 


PRIMARY CONTACT: MATT EJAK 


This Instrument has been processed and calibrated in accordance with the NovaStar Solutions Quality System Manual. All calibrations are traceable to the 
National Institute of Standards and Technology (NIST) or to anothor National Metrology Institute to the International System of Units (SI units), acceptable 
intrinsic slandards of measurement, or derived by ihe ratio type of self-calibration techniques. The NovaStar Solutions quality system ls accredited ISOMEC 
17025 and ANSINCSL 2540-1-1994. 


The resulls repotted herein apply only to the calibration of the item described above. Mo sampling plan was used for this calibration. 

Whore statements of compliance are made, the measurement uncertainty is not factored in unless otherwige noted. Expanded unceralnties are expressed 
at the approximate 95% level of confidence using a K=2, Due to any number of factors, ha recommended due date on the item does mot imply continuing 
confonmance to specifications during the recommended Interval, Unless otherwise stated the unit under test meats of exceeds manufacturer specifications. 


For sange and best measurement capability specificalions for the standards used to perform this calibration, see the most recent calibration report 
maintained by this calibration laboratory (available upon request), 


This report may not be reprodieced, excep! in full, without written approval from NovaStar Solutlons. 





' AS RECEIVED CONDITION: Other (See Remark) REMARKS: Manufacturers specs not available, data charted for 
cuslomers use, 
AS RETURNED CONDITION: Other (See Remark) 
ACTION TAKEN: DATA CHARTED 








Assal # Cert # Description Cal Date Due Date 


1606 1606: 1183650836 635-1800 - L.S, STARRETT - STEEL RULE OV262013 O4f2 2028 
2O7T 207 4a e993 42280 - EXTECH - DATA LOGGER OSN22019 OOrl22020 


QA Signature: be TMecCowmaahhers Dale: 42/2020 7-30-28 PM 


5 
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Novesiar Report Of Calibration at 


5 O Lk UT! O WNW SG : 
Metrology Management Services rQTTe 





36200 Plymouth Rd. / Livonia, Ml 48750 / 7234,453.8003 





33-215 - STANLEY - 12° TAPE MEASURE 


SERIAL NUMBER: NVA WORK ORDER: 312657 

ASSET NUMBER: 7106680 TEST RESULT: PASS 

CUST ASSETNUMBER: TPMO003-86 PERFORMED ON: o4/2ar20 

PROCEDURE NAME: STA - 33-215 - MMC CAL GUE DATE: o4feornt 
-RPROCEDURE REV: 1.0 DATA TYPE: FOUND-LEFT 
” CALIBRATED BY: Anthony Barbera TEMPERATURE: 20°C 

CUSTOMER: MGA RESEARCH CORP HUMIDITY: 41% 


292768 ELLIOT AVENUE 
TROY, Ml 48083 


PRIMARY CONTACT; MATT EJARK 


Thi instrument has been processed and calibrated in accordance with the NovaStar Solutions Quality System Manual. All calibrations are traceable to the 
National instituie of Standards and Technology (NIST) or fo another National Metrology Institute to the Intemational System of Units (SI units), acceplable 
intringkc standards of measurement, or derived by the ratio type of self-calibration techniques. The NovaStar Solutions quality system is accredited ISQNEC 
17025 and ANSUNCSL 2540-1-1994. 


The results reported herein apply only to the calibration of the item described above. No sampling plan was used for this calibration. 

Expanded uncertainties are expressed al the approximate 95% level of confidence using a K=2. Due to any number of factors, the recommended due date 
on the item does not imply continuing conformance to apecifications during the recommended interval. Unless olhenvise slated the unit under test meets or 

exceeds manufacturer specications. 


_For range and best measurement capability specifications for the standards used to perform this calibration, see the most recent calibration report 
maintained by this calibration laboralory (available upon request). 


This report may not be reproduced, excep! in full, without written approval from NovaStar Solutions. 





REMARKS: Manufacturers specs not avallable, data charted for 
™_ customers usa, 





Asset # Cert # Description Cal Date Due Date 
1606 1606-1 193650836 (635-1800 - LS. STARRETT - STEEL RULE Mi2n2013 O4f2e2028 
2077 2077: 1438783399 42780 - EXTECH - DATA LOGGER CaAiae2ois Oai2 2020 


nn nn ne ee eee eee ee ————————————eEEe————————————a== 
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Test Procedure Result 

Test results for calibration with work order: 312657 

Test Description Nominal Test Result Limit (Lower) Limit(Upper) Units Uncertalnty Pass/Fall 
2500mm TAPE MEASURE 
70Ormnm 700 Foo ALA BA mm 1.0E-2m Pass 
1400mm 1400 1400 ALA, ALA, mm 1.0E-2 m Pass 
2100mm 2100 2100 AA nA mm 1.0€-2 m Pass 
2800mm 2800 2800 AA BLA, mm 1.0E-2 m Pass 
3500 3500 3500 ALA BUA, mm 106-2 mM Pass 


-END OF REPORT - 


mS 
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Nove 


star Calibration Certificate 





57 Oo LU fT Oo A S 
Metrology Management Services Sore 
35200 Ptymouth Fd, / Livonia, Ml 48150 / 734.453.8003 Pe Certificate # 266550:291742 


IMADA DOS2-110 DIGITAL FORCE GAGE 


SERIAL NUMBER: 29/462 WORK ORDER: 291742 
ASSETMNUMBER: #66550 TEST RESULT: PASS 
CUST ASSET NUMBER: MGA0O09FS PERFORMED ON: 11/20/19 


PROCEDURE NAME: Force Gage CAL DUE DATE: 11/20/20 
PROCEDURE REV: 4.0 DATATYPE: FOUND-LEFT 
CALIBRATED BY: WILLIAM FRENCH TEMPERATURE: 24°C 


CUSTOMER: HKGA RESEARCH - STATIC LAB HUMIDITY: 31% 
33653 DEQUINDRE 
TROY, Ml 48083 


PRIMARY CONTACT: Takisha Dogs 





This Instrument has been processed and calibrated in accordance with the NovaStar Solutions Quality System Manual. All calibrations are traceable to the 
Nabonal Institule of Standards and Technology (NIST) or to another National Metrology Institute to the International System of Units (Si units), acceptable 
mMnnsic standards of measurement, of derived by the ratio type of self-calibration techniques. The NovaStar Solutions quality system is accredited ISOVIEC 
17025 and ANSIUNCSL 2540-1-1994, 


The results reported herein apply only to the calibration of the item described above. No sampling plan was used for this calibration, 

Where stalements of compliance are made, the measurement uncertainty is not factored in unless otherwise noted. Expanded uncertainties ara expressed 
at ihe approximate 95% lew of confidence using a K=2. Due to any number of factors, the recommended due date on the item dors not imply continuing 
conformance to specifications during the recommended interval. Unless otherwise stated the unit under test meets or exceeds manufacturer specifications 


For range and best measurement capability specifications for ihe standards usted to perform this calibration, see the most recent calibration report 
maintained by this calibration laboratory (available upon request). 


This. report may not be reproduced, except in full, without written approval from NovaStar Solutions. 





AS RECEIVED CONDITION: = In Tolerance REMARKS: WiA 
AS RETURNED CONDITION: In Tolerance 
ACTION TAKEN: FULL CALIBRATION 





standar 
Asset # Cert # Description Cal Date Due Date 
1633 1633:1 193663229 RICE LAKE CLASS 6 17 PC. WEIGHT SET OTNB2019 oF 162020 
160 1960: 1324551206 RICE LAKE CLASS 6 5 PC. WEIGHT SET O1FW2019 8 o1/av2020 
2116 2116:1455281491 EXTECH 42280 DATA LOGGER OR11V2019 O21 1/2020 
220 S290 30000003200 RICELAKE CLASS 6 11 PIECE WEIGHT SET OSB2019 O56 02D 


G4, Signature pe T.cCommughhens Date: 1202019 O:5607 AM 
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Report Of Calibration 





SOLUTION § 
Metrology Management Seraces 





$5200 Plymouth Rd / Livonia, Ml 46750 / 734.453.6003 


IMADA DS2-110 DIGITAL FORCE GAGE 


SERIAL NUMBER 297462 WORK ORDER: 29ifd2 
ASSET NUMBER #66550 TEST RESULT: PASS 
CUSTASSETNUMBER: MGAO0OSTS PERFORMED ON: 112019 


PROCEDURE NAME: Force Gage CAL DUE DATE: 11/20/20 
PROCEDURE REY: 4.0 DATA TYPE: FOUND-LEFT 
CALIBRATED BY’ WILLIAM FRENCH TEMPERATURE: 24°C 


CUSTOMER: MGA RESEARCH - STATIC LAB HUMIDITY: 31% 
33653 DEQUINDRE 
TROY, Mi 48083 


PRIMARY CONTACT Takisha Doss 





Tihs inshrament has been processed and calibrated in accordance with ihe NovaSitar Solutions Quali S _ mili 
; - ¥ Syélem Manual. Al calijrations are traceable to the 
feet stain penal and pane rafal or to — Malonal Metrology Institute to te International System of Units (SI units), acceptable 
IC Standards of measurement, of derived by the ratio type of self-calibration techniques. The NovaStar Solutions quality syste cred ; 
17025 and ANSUNCSL 7540-1.1¢04 Quality System is accredited ISONEC 


The results reported herein apply only to the calibration of the item described above. Mo Sampling plan was used for this calibration 

Expanded UNGErainies are expressed al the approximate 95% level of confidence using a K=2. Due to any number of factors, the recommended due date 
on the fem does not imply SOentinuing conformance to specifications dure the cecommmended merval. Unless otherwise staied the unit under test meets ofr 
exceeds manufacturer specifications. 


For range and best measurement capability specifications for the standards used to le callie 
eee de; re Ten Perform this calibration, sm¢ the most recent calibration re 
maintained by this calibration laboratory (available upon request) Peart 


This report may not be reproduced, excep in full, without written approval from NovaStar Solutions. 


REMARKS: WA 


Asset # Cert # Description Cal Date Due Date 

1633 1633-1 192863229 RICE LAKE CLASS 6 17 PC. WEIGHT SET OFMB2019 OF Né2020 
160) 1960: 132455 1206 RICE LAKE CLASS 65 PC. WEIGHT SET OVsT2019 O1S12020 
2116 2116;1455281491 EXTECH 42250 DATA LOGGER OS1Vv2019 O81 T2020 
2201 S2O0 SOO) RICELAKE CLASS 6 11 PIECE WEIGHT SET OSNa2019 oS/eiz0e0 
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Test Procedure Results 
Test results for calibration with work order : 291742 
Test Description Nominal Test Result Limit (Lower) Limit(Upper) Units Uncertainty Pass/Fail 


WUT range is O- 110 LBS 
WUT Tolerance is 20.2% + 0 1LBS 
Local gravity Oorrection factor is 0.999662 


Tension 
O.SLBS 0.50 O58 o.2 0.8 Lbs F .Ow-002 Pass 
21. Soles 21.54 22.1 21.7 22.3 Lbs 7 .2e-002 Pass 
43.59LBS 43.99 44.1 43.7 44.3 Lbs 740-002 Pass 
65.98LBS 65.98 66.1 65.7 66.3 Lis 7. Fee Pass 
87_.97TLBS a7 .aT 85.1 ar? 88.3 Libs 7 Se? Pass 
109 S6LE5 105. 5 110.0 105.6 110.3 Lisa 8. 18-002 Pass 
a7. o7Les BT .e7 88.0 BT. 68.3 Lbs 7, 9e-002 Pass 
65.98L85 65.56 66.0 65,7 66.3 Lis 7.7e-002 Pass. 
43.59LB8S 43.99 43.5 43.7 44.3 Lbs 7 40-002 Pass 
21.99LBS 21,99 21.9 21,7 2.3 Lbs. 7 2e-2 Pass 
0.SLBS 0.50 0.4 O2 0.8 Ltrs. F apie Pass 

Compression 
0.465 0.50 0.5 0.2 0.8 Lbs 700-002 Pass 
21.99LB65 21,99 22.0 21.7 22.4 Les 720-002 Pass 
43.99LBS 43.99 44.0 437 44.3 Lis 7 .4e-002 Pass 
65.96LB5 65.98 66.0 65.7 66.3 Libs 7. 7e-002 Pass 
a7. 87Les a? 7 68.0 B77 68.3 Lbs 7 Se-002 Pass 
108.56165. 109, 56 110.0 109.6 110.3 Lbs 8.10-002 Pass 
67. S7LBS 87,9? 86.0 B77 $8.3 Lbs 7 See? Pass 
65.98LB5 65,98 65.5 65.7 66,3 Lbs. 7. FeO? Pass 
43.99LBS 43.99 43.5 437 44.3 Lis 7 .4@-002 Pass 
2199LBS 21,99 21.9 21.7 22.3 Lins 7 .2e-002 Pass 
0.SLEBS 0.50 0.5 Oo? 0.8 Libs 7 .Oe-002 Pass 

Nitric 

Tension 
49.880 kg 49.680 49.90 aor 49.99 kg 6. 1e-002 Pass 
489.10 4 489.10 489.3 458.0 490.2 N .1e-002 Pass 

Compression 
49. 88g 49.880 49,90 49.77 49.99 ky 8.1e-D02 Pass 
485,10 6 469.10 469.3 486.0 490.2 N 6. 1e-2 Pass 


- END OF REPORT - 
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9.0 Photographs 





2020 BMW 3-Series Front view of vehicle 
NHTSA No. C20204100 Before testing 
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FMVSS No. 216a 





2020 BMW 3-Series 3/4 right front view of vehicle 
NHTSA No. C20204100 Before testing 


FMVSS No. 216a 


Safety Compliance Testing for FMVSS 216a Page 56 of 186 
“Roof Crush Resistance” DTNH22-16-D-00028 / G19Q7-001.14 











2020 BMW 3-Series Right view of vehicle 
NHTSA No. C20204100 Before testing 
FMVSS No. 216a 
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2020 BMW 3-Series | Right side interior front seating area 
NHTSA No. C20204100 Before testing 
FMVSS No. 216a 
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2020 BMW 3-Series 3/4 right rear view of vehicle 
NHTSA No. C20204100 Before testing 
FMVSS No. 216a 
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2020 BMW 3-Series Rear view of vehicle 
NHTSA No. C20204100 Before testing 
FMVSS No. 21l6a 
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2020 BMW 3-Series | 3/4 left rear view of vehicle 
NHTSA No. C20204100 Before testing 
FMVSS No. 21l6a 
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2020 BMW 3-Series ieasiew or venice 
NHTSA No. C20204100 Before testing 


FMVSS No. 21l6a 
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2020 BMW 3-Series Left side interior front seating area 
NHTSA No. C20204100 Before testing 
FMVSS No. 216a 
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2020 BMW 3-Series 3/4 left front view of vehicle 
NHTSA No. C20204100 Before testing 

FMVSS No. 21l6a 
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2020 BMW 3-Series 
NHTSA No. C20204100 
FMVSS No. 21l6a 
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2020 BMW 3-Series Driver Side Oscar Photograph No. 2 
NHTSA No. C20204100 
FMVSS No. 216a 
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2020 BMW 3-Series i” Driver Side Oscar Photograph No. 3 
NHTSA No. C20204100 
FMVSS No. 216a 
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2020 BMW 3-Series oo Driver Side Oscar Photograph No. 4 
NHTSA No. C20204100 
FMVSS No. 216a 
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2020 BMW 3-Series Driver Side Oscar Photograph No. 5 
NHTSA No. C20204100 
FMVSS No. 216a 
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2020 BMW 3-Series Driver Side Oscar Photograph No. 6 
NHTSA No. C20204100 
FMVSS No. 216a 
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2020 BMW 3-Series Driver Side Oscar Photograph No. 7 
NHTSA No. C20204100 
FMVSS No. 216a 
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2020 BMW 3-Series _ Driver Side Oscar Photograph No. 8 
NHTSA No. C20204100 
FMVSS No. 216a 
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2020 BMW 3-Series Passenger Side Oscar Photograph No. 1 
NHTSA No. C20204100 
FMVSS No. 216a 
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2020 HYUN BMW DAT 3-Series Passenger Side Oscar Photograph No. 2 
NHTSA No. C20204100 
FMVSS No. 216a 
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2020 BMW 3-Series Passenger Side Oscar Photograph No. 3 
NHTSA No. C20204100 
FMVSS No. 216a 
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